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fulfilment of the requirements for the degree of Master of Science 
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(CITRUS MITIS B.) AND DEVELOPMENT OF ITS CANDIED PEEL 
By 
HAZNIZA DATO' HJ. ADNAN 
October 2003 
Chairman : Associate Professor Azizah Osman, Ph.D. 
Faculty : Food Science and Biotechnology 
Studies on the optimisation of enzyme peeling of citrus fruits were carried out on musk 
lime (Citrus mitis B.). The time taken to peel musk lime by enzyme (Peelzym II) was 
minimised with increasing enzyme concentration and application of vacuum pressure. 
The optimum enzyme concentration and optimum vacuum pressure for peeling musk 
lime peel was 1.0% (v/w) and 700 rom Hg, respectively. The effect of vacuum pressure 
in physico-chemical changes of peeled fruits of musk lime (Citrus mitis B.) during 
enzymatic peeling was studied. The pH, total soluble solids, citric acid, ascorbic acid, 
moisture, total pectin, tannin and sugar contents in the puree of peeled musk lime were 
not significantly affected by the vacuum pressure, except, total pectin content and 'b' 
value of puree colour at very high vacuum pressure (700 mm Hg). The naringin content 
has also been analysed in the puree, seeds and peel (discarded) of peeled musk lime. The 
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lime. The naringin content in the puree and seeds of peeled musk lime were not 
significantly affected by the vacuum pressure, however, naringin content in the peel was 
significantly affected at very high vacuum pressure. The development of candied musk 
lime peel was carried out using Response Surface Methodology (RSM) and ECHIP® 
software. In this study, the RSM method was found to be effective in making a new 
product when the developed product (candied musk lime peel) had matched the sensory 
profile of a target product (commercial candied peel). This method was then confirmed 
by a verification process between the experimental value from the developed product 
(candied musk lime peel) with the target value obtained from the overlapping contour 
maps of ingredients in the making of optimum candied musk lime peel. Results from 
sensory evaluation also showed that most of the panelists liked the taste of the product 
compared to other sensory attributes tested. In comparison, the developed candied musk 
lime peel has a similar profile in terms of appearance, odour and taste of sourness and 
bitterness to that of commercial candied peel. Therefore, the candied musk lime peel 
developed in this study has the potential to be commercialised. 
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PENGOPTIMUMAN PROSES PENGUPASAN BUAH LIMAU KASTURI 
(CITRUS MITIS B.) TERBANTU ENZIM DAN PENGEMBANGAN HAL WA 
DARI KULITNYA 
Oleh 
HAZNIZA DATO' HJ. ADNAN 
Oktober 2003 
Pengerusi : Profesor Madya Azizah Osman, Ph.D. 
Fakulti : Sains Makanan dan Bioteknologi 
Kajian ke atas pengoptimuman proses pengupasan buah sitrus terbantu enzim telah 
dijalankan ke atas buah limau kasturi (Citrus mitis B.). Masa yang diambil untuk buah 
limau kasturi dikupas oleh enzim (Peelzym II) telah diminimakan dengan meningkatkan 
kepekatan enzim dan tekanan vakum yang digunakan. Kepekatan optimum enzim dan 
tekanan optimum vakum untuk pengupasan buah limau kasturi ialah 1.0% 
(isipadu/berat) dan 700 mm Hg, masing-masing. Kesan tekanan vakum dalam perubahan 
fisiko-kimia buah limau kasturi (Citrus mitis B.) yang telah dikupas semasa pengupasan 
terbantu enzim telah dikaji. Nilai pH, jumlah pepejal larut, kandungan asid sitrik, asid 
askorbik, kelembapan, jumlah kandungan pektin, tanin dan gula di dalam puri limau 
kasturi yang telah dikupas adalah tidak signifikan terhadap kesan tekanan vakum, 
kecuali, jumlah kandungan pektin dan nilai 'b' bagi wama puri pada kesan tekanan 
vakum yang tinggi (700 mm Hg). Kandungan naringin juga telah dianalisa di dalam 
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kecuali, jumlah kandungan pektin dan nilai 'b' bagi wama puri pada kesan tekanan 
vakum yang tinggi (700 mm Hg). Kandungan naringin juga telah dianalisa di dalam 
puri, biji dan kulit (hampas) limau kasturi yang telah dikupas. Kandungan naringin di 
dalam puri dan biji bagi limau kasturi yang telah dikupas adalah tidak signifikan 
terhadap kesan tekanan vakurn, tetapi, kandungan naringin di dalam kulit adalah 
signifikan pada kesan tekanan vakum yang tinggi. Pengembangan hasil bagi halwa kulit 
limau kasturi telah dijalankan dengan menggunakan kaedah 'Response Surface 
Methodology' dan software ECHIP:lY. Di dalam kajian ini, kaedah RSM didapati sangat 
berkesan dalam menghasilkan produk barn apabila produk yang dihasilkan (halwa kulit 
limau kasturi) sepadan dengan profil ujirasa produk sasaran (halwa kulit limau 
komersial). Kaedah ini kemudiannya telah diperakui melalui proses pengesahan diantara 
nilai ujikaji yang didapati daripada produk yang dihasilkan (halwa kulit limau kasturi) 
dengan nilai sasaran yang diperolehi daripada penindihan peta kontur ramuan-ramuan di 
dalam penghasilan halwa kulit limau kasturi yang optimum. Keputusan ujirasa juga 
menunjukkan kebanyakan panelis menyukai rasa produk berbanding lain-lain ciri ujirasa 
yang diuji. Secara bandingan, halwa kulit limau kasturi yang dihasilkan mempunyai 
persamaan profil dari segi rnpabentuk, bau dan rasa dengan halwa kulit limau komersil. 
Maka, halwa kulit limau kasturi yang telah dihasilkan di dalam kajian ini didapati 
berpotensi untuk di komersilkan. 
VI 
ACKNOWLEDGEMENTS 
Alhamdulillah, first of all I would like to express my utmost thanks and gratitude 
to the Almighty Allah, the Sustainer, the Most Gracious and Most Merciful, without 
whose will no one can achieve anything, and my salawat and salam to His righteous 
messenger, prophet Muhammad S.A. W. 
I would like to take this opportunity to express my appreciation and gratitude to 
the chairman of my Supervisory Committee, Assoc. Prof Dr. Azizah Osman for her 
invaluable suggestion, guidance, discussion and patience throughout the project. I am 
also grateful to the other member of my supervisory committee, Prof Dr. Hasanah 
Mohd. Ghazali and Assoc. Prof Dr. Russly Abdul Rahman for their constructive 
comments towards the project and preparation of this thesis. My sincere gratitude is also 
extended to the financial support provided by the IRP A fund for this research, which 
was awarded to Assoc. Prof Dr. Azizah Osman. I am also indebted to all the staffs of 
the Department of Food Science, Biotechnology and Food Technology for their 
generous cooperation. Acknowledgements are also due to all my labmates, friends and 
also laboratory assistants who had given me the moral encouragement and support to 
complete my graduate study. 
Finally, I also wish to express my deepest, appreciation to my beloved husband 
and daughters, my parents and my parent in-laws, who have given me encouragement 
and morally support in anyway during the many years of my seemingly never ending 
pursue for knowledge. 
Vll 
I certify that an Examination Committee met on (date of viva) to conduct the final 
examination of Hazniza Dato' Hj. Adnan on her Master of Science thesis entitled " 
Optimisation of Enzyme-Aided Peeling of Musk Lime (Citrus mitis B.) and 
Development of Its Candied Peel" in accordance with Universiti Pertanian Malaysia 
(Higher Degree) Act 1980 and Universiti Pertanian Malaysia (Higher Degree) 
Regulations 1981. The Committee recommends that the candidate be awarded the 
relevant degree. Members of the Examination Committee are as follows: 
AZIZAH ABDUL HAMID, Ph.D. 
Associate Professor 
Faculty of Food Science and Biotechnology 
Universiti Putra Malaysia 
(Chairman) 
AZIZAH OSMAN. Ph.D 
Associate Professor 
Faculty of Food Science and Biotechnology 
Universiti Putra Malaysia 
(Member) 
RUSSLY ABDUL RAHMAN. Ph.D 
Associate Professor 
Faculty of Food Science and Biotechnology 
Universiti Putra Malaysia 
(Member) 
...... .... H .. "' .. T ALI, Ph.D. 
ProfessorlDeputy Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
Date: 1 1 FEB 2004 
Vlll 
This thesis submitted to the Senate of Universiti Putra Malaysia has been accepted as 
fulfilment of the requirements for the degree of Master of Science. The members of the 
Supervisory Committee are as follows: 
AZIZAH OSMAN. Ph.D 
Associate Professor 
Faculty of Food Science and Biotechnology 
Universiti Putra Malaysia 
(Chairman) 
HASANAH MOHD. GHAZALI. Ph.D 
Professor 
Faculty of Food Science and Biotechnology 
Universiti Putra Malaysia 
(Member) 
RUSSL Y ABDUL RAHMAN. Ph.D 
Associate Professor 
Faculty of Food Science and Biotechnology 
Universiti Putra Malaysia 
(Member) 
2··� � 
AINI IDERIS, Ph.D. 
Professor/Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
Date: 2 5 FEB 2004 
IX 
DECLARA TION 
I hereby declare that the thesis is based on my original work except for quotations and 
citation, which have been duly acknowledged. I also declare that it has not been 
previously or concurrently submitted for any other degree at Universiti Putra Malaysia 
or other institutions. 
. .. ... ....... �;t. ...... ... ........ . 
HAZNIZA DATO' HJ. ADNAN 
x 
TABLE OF CONTENTS 
Page 
DEDICATION ... .. , ...... '" ... ... ... ...... ... ... ... .. , ... ...... ...... ... .. , ... . .. ... ... 11 
ABSTRACT ... ... .. , ... ...... ...... ... .. , ... ... ... ... ... ... ... .. . ... ... ... ... ... . .. ... ... III 
ABSTRAK ... ... ...... ... ... ...... ... ......... ... ... ......... . ,. ... ...... ... ... ...... ..... v 
ACKNOWLEDGEMENTS... ......... ... ... ...... ... ... ... ... ... ... ... ... ...... ... .... Vll 
APPROVAL ... .. . ........ ... ... .. , ... ...... ... . , . ... ... ... ... ... ... . ,. ... ... ... ... ... .... Vin 
DECLARATION FORM ....... , . ............ ........ , ... ... .............. , ... ... ... .... x 
LIST OF TABLES... ...... ...... ... ... ......... ... ... ... ... ...... ... ...... ...... ... ... ... xv 
LIST OF FIGURES ... ............ ... ... ... ... ... ... . .. ...... ......... ... . ,. ... ... ... .... XVll 
LIST OF PLATES ...... ......... ... ... ........ , ... ... ... ... ...... ... ... ... ... ... ... ... ... XVlll 
CHAPTER 
1 INTRODUCTION ... ... ...... ......... ... ... ... ............ ...... ... ..... . 
2 LITERATURE REVIEW ... .. , ...... '" ... ... ... .. , ... ... ... .... ,. ... ... . 5 
Citrus Fruits ......... ....... , . ... ...... '" ., . ... .. , '" ... ... ... '" ... ... ... ... . 5 
Physico-chemical Characteristics of Citrus Fruits... ... ... ... ... ... ... ... 9 
Juice Colour ... ... ...... ... ...... ... ... ... ...... ... ........ , ... '" ... ... ... 9 
Acidity ... . , . ..... , ... ......... '" ... .. , ... ......... . , . ............. ,. ... ... 10 
Ascorbic Acid ...... ... . , ....... ... ...... ... . , . ..... , ............. ,. '" .. , . 11 
Total Soluble Solids (TSS) ...... ... ... ... .. , ... ... ... ... ... ...... '" .... 11 
Moisture Content.. .... ......... ......... ...... ...... ... .. , .. . ... ... .. . ... 12 
Pectic Substances...... ... ... ......... ... ... ... ... ... ... ... ...... ... ... ... 13 
Sugar Content. .. ... ... ...... .. , ... ... ... ... ... ... ... ... ... '" ... ... ... .... 13 
Tannin Content... ............ ... ... ... ...... ... ...... ... ......... ... ..... 14 
Naringin Content... ......... ...... ... ... ... ...... ... ... ... ......... ...... 15 
Fruit Processing ... ... ...... ... ... . ,. '" ... ...... ... .... , . ... ... ...... . ,. . .. ... 18 
Peeling Technology......... ... ... ... ...... ... ...... ......... ...... ...... ..... 19 
Conventional and Lye Peeling...... ...... ... ... ...... ......... ...... ... 19 
Fruit Pretreatment. .... , ... ...... ... ... ...... ... ... ... ... .. , ...... ... ..... 20 
Pectic Enzymes......... ... ... ...... ... ... ... ...... ............... ... ..... 21 
Peelzym ... . .. ... . , .... .. , ...... ... ... . ,. '" .. , ...... ... ... . ,. ... ... ... ..... 22 
Enzyme Aided Peeling ............... ... ... ... ... . , . ..... , ... . . . ... ... ... 23 
Vacuum Infusion Process...... ... ... ... ... ...... ... ... ... ...... ...... ... 24 
Quality of Peeled Fruit.. . ..... , ... ... ... ... ... ... ... ... .. , ... ... ... ... ... 25 
By-products Development ... ... ............ ... ... ...... ... ... ... ... ...... ... ... 25 
Discarded Peel . " ...... ............... ... ...... ..................... ..... , 26 
Candied Peel. ..... ...... ...... ... ... ... ... ... ... ... ............... ... ... . ,. 27 
Optimisation Process for By-product development. ........ ..... . . . ... 28 
Sensory Evalution ... .. . ...... ... ..... , ... ... ... ... ... ... ... ... ... ... ... ... 29 
Xl 
3 OPTIMISATION OF ENZYMATIC PEELING CONDITIONS AND 
PHYSICO-CHEMICAL CHARACTERISTION OF PEELED MUSK 
LIME (CITRUS MITIS B.) 
Introduction ...... .. , ... ... ... ... ...... ......... . , ....... ... .... , . ... '" ... '" . 32 
Materials and Methods .......... , . ......... ... . ,.  ... ... ... . .. . . . . .. ... . .. ... 34· 
Source of Fruits ... ... . , . ... ... '" ... . , . ... .. , ....... , .  ... ... ... ... ... ..... 34 
Preparation of Enzyme Solution .......... , . ...... ... ... . ,. ... ... ... ... 34 
Preparation of Fruits ... ... ... ... ... ... ......... ... ... .... , . ... '" .,. ..... 35 
Effect of Enzyme Infusion Methods on Peeling ...... ......... '" ... 35 
Determination of Optimum Enzyme Concentration .......... ,. ..... 38 
Determination of Optimum Vacuum Pressure ... '" ...... ... ... '" ... 38 
Preparation of Samples ...... , .... .......... , . ... ... ... .... ,. ... ... ... ... 39 
Physico-chemical Analysis of Treated Musk Lime ... '" ... .. , ... ... 41 
Puree Colour. .. ... '" ... ... . , . ... ... ... .... , . ... ...... '" ., . ... '" 41 
Titratable Acidity (TA) ... . ........ ....... , . ............. , .  ..... 42 
pH...... ... ......... ...... ...... ...... ......... ... ...... ... ........ 42 
Ascorbic Acid Content.. ............ '" ... ... ... . ,. . .. ... ... . .. . 43 
Total Soluble Solids (TSS) Content ... ........... ...... '" .... 44 
Moisture Content ......... ................. , ... ...... ... ... ... ... 44 
Sugar Content.. . ..................... ......... '" ...... '" ... .... 45 
Total Pectin Content.. . ...... ... .......... , .  '" ...... '" ., . ... ... 46 
Tannin Content.. . ... ...... ... ... ... '" ... ... ...... ... ... ... '" ... 47 
Naringin Content. ..... ... ...... ...... ..... , ... ......... .. , ... . ... 48 
Statistical Analysis ... ... ... ...... ......... .. , ... ... ... ...... ... ... ... .... 48 
Results and Discussion ... '" ........ , ... '" ... ... .. , ... ...... ... .. , ... . .. ... ... .. 50 
Optimisation of Enzyme Aided Peeling... ... ... ... ... ... ... ... ... ... . 50 
Enzyme Infusion Method .. , ...... ........ , ......... ... .. , . . . .. 50 
Optimum Enzyme Concentration ... ... .  , . '" .......... , . .... , 51 
Optimum Vacuum Pressure ... ... ... ..... , ... ... ... ... ... ... ... 54 
Changes in the Physico-chemical Characteristics of 
Peeled Musk Lime ...... ... ... ...... ... ..... , ... '" ... '" ... ... ... . .. ... .. 56 
Physico-chemical Characteristics ... ... '" ......... ... ...... ... 59 
Puree Colour ......... ... ................... , . ... ...... ... . , .  ... ... 59 
pH, Titratable Acidity and Ascorbic Acid Content... ... ... 62 
Total Soluble Solids (TSS) and Moisture Content... ... .... 64 
Total Pectin and Tannin Contents ... ... .... .. ...... ... . ,. ... 66 
Sugar and Total Sugar Contents ... ... .... . . ......... ... '" .... 68 
Naringin Content. .. . , . ... ... ... .... ,. ... ... ... ... . . . ... ... ... . . .. 70 
Conclusion ... ... ...... .. . ... ... ... '" ... ... ... ... ...... ...... ....... ,. ... ... ... ... .. 72 
XII 
4 DEVELOPMENT OF CANDIED MUSK LIME PEEL 
Introduction . .. . , . ... ... ... ... . , . ............. , . ... ... ... ... . , .... ... ...... . , .  ... .. 74 
Materials and Methods ... . .. ... '" .. , ... ... ... ... .. , ... ......... .. , '" ... ... .... 75 
Source of Peel. ..... ... '" ... .. , ... ... ... ............ '" ...... ... ... ... ... 75 
Raw Materials ...... ......... . " ...... ... ...... ... ... ........ , ... . " ... ... 76 
Processing of Candied Musk Lime Peel. .. '" . .. ... ... ... ... ... .. . ... 76 
Preparation of Candied Musk Lime Peel... ..... ... ... ..... 76 
Experimental Design .... . . .. . . .. .. . ... . . . . . , ...... ........ , ... ... ... .... 78 
Sensory Evaluation of Candied Musk Lime Peel ... .. . ... '" ., . .... 79 
Verification of Optimum Candied Musk Lime Peel .......... , .  ... . 82 
Physico-chemical Analysis of Optimum Candied Musk Lime Peel. 83 
Peel Firmness ... ... .. , .............. , ......... ...... ... '" ... .... 83 
Chemical Analisis... ... ... ... ... ... ... ... ... ... ... ...... ... ..... 83 
Statistical Analysis... . . .  ... ... ... ... ... ... ... ... ... ......... ... 84 
Results and Discussion ... . .. ... ... . . , ...... ......... .............. , . .. ... ... ... 85 
Sets of Formulation by Applied RSM .... . . .... . , ... ... ... ... .. , ..... 85 
Training of Selected Sensory Panelists... ... ... ... ... ...... ...... .... 87 
Regression Analysis on Sensory Attributes ...... ... '" ... ... ... ..... 88 
Development of Candied Musk Lime Peel . . . ..... , ... . .. ... ... ... .. . 90 
Optimisation of Candied Musk Lime Ingredients..... ... . . . 90 
Verification of Optimum Formulation (Target Value)..... 92 
Descriptive Panel Analysis... ...... ... ......... ............... 95 
Acceptance Test.. . . . , ... ... ...... ...... ......... .. , ... ... ... . .. . 98 
Conclusion . " ., .... ... ...... . , . ...... ... ...... ...... ...... . , . ... '" . .. ... . 105 
5 CONCLUSIONS AND RECOMMENDATIONS 
Conclusions ... . . . . . , ... ... ... ..... , ...... ...... ... ... ... ... '" .. , . .. . .. ... ... . 106 
Recommendations ... . .. . . . ... ... ... ...... ... ......... ... ... ......... ... ... ... 107 
REFERENCES............ ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 
APPENDICES 
A (Additional Plates)... ...... ... ... ... ......... ......... ... ...... ...... ... ... ..... 119 
B (Schematic Diagram of Musk Lime Fruit)... ... ... ... ... ......... ... ... ..... 128 
C (Additional Tables) ... . . . . . . '" ... ... ... ... ... ... ... ... ... ... ...... ...... ... ..... 130 
D (Questionnaire-Sensory Sheet)... ... ... ... ... ............ ...... ...... ...... ... 133 
1 (Screening Part I) ... ...... ...... ... ... ...... ... ... ... '" ., . ... ...... .... 134 
2 (Screening Part II)..... ... ... ... ... ... ... ... ... ... ...... ... ... ... ... ..... 135 
3 (Training Part I) . . .. . . . . . . .. . . . . . . . . " ... ... ... ...... .......... " ... ...... 137 
4 (Training Part II) . . . . . . .. . ... . . .  '" ... ... ............ ...... '" ... ... ... ... 138 
5 (Sensory Terminology).... ... ... ... ... ... ... ... ... ... ... ...... ... ... ... 139 
6 (Selection of Commercial Candied Peel as a Reference Sample). 140 
XIJI 
7 (Hedonic Test and Qualitative and Descriptive Analysis 0... .... 141 
8 (Hedonic Test and Qualitative and Descriptive Analysis II)...... l44 
9 (Hedonic Test and Qualitative and Descriptive Analysis III)..... 147 
10 (Hedonic Test - Verification) ...... ... ............... ... ... ... . ,. '" .. , 150 
1 1  (Ranking for Preference). .. , ... ......... ...... .... ,. ... ... .. . ... . .. . . . 151 
BIODATA OF AUTHOR ....... . . , . .... , . ..... , '" ... '" ...... ... ... ......... ... '" ....... 152 
xiv 
LIST OF TABLES 
Table Page 
1 Physico-chemical Composition of Musk Lime Fruits and Related 
Findings ... '" ... '" ... '" ... . , . ... ... ........... , ... ... ...... .......... ...... '" 57 
2 Effect of Different Vacuum Aided Enzyme Infusion on the Changes 
In Colour (Hunter 'L', 'a' and 'b') of Peeled Musk Lime ... '" ... ... ... 60 
3 Effect of Different Vacuum Aided Enzyme Infusion on the Changes 
in pH, Titratable Acidity (TA) and Ascorbic Acid (AA) Content of 
Peeled Musk Lime ... ...... . , . ... ... ..... , ..... , ... ... ... .................. .... 63 
4 Effect of Different Vacuum Aided Enzyme Infusion on the Changes 
in Total Soluble Solids (TSS) and Moisture Content of Peeled Musk 
Lime ... ...... ..... , ... ...... ... ...... ...... '" ...... .......... , ............ , ... .. , 65 
5 Effect of Different Vacuum Aided Enzyme Infusion on the Changes 
in Total Pectin Content and Tannin Content of Peeled Musk Lime .... 67 
6 Effect of Different Vacuum Aided Enzyme Infusion on the Changes 
in Fructose, Glucose, Sucrose and Total Sugar Content of Peeled 
Musk Lime ... ... . .. ... ... ... ... ... .  , . ... ...... . , . ... ...... ...... .. , ............. 69 
7 Effect of Different Vacuum Aided Enzyme Infusion on the Changes 
in Naringin Content (Peel, Seeds and Puree) of Peeled Musk Lime.... 71 
8 A list of Descriptor and Definition Used in QDA Test.. .... ... '" ....... 81 
9 Formulation Designed by RSM to Verify the Amount of Ingredients 
(Sugar syrup, Sorbitol and Citric Acid) Used in the Development of 
Candied Musk Lime Peel . .. ... . .. ... ... .. . ...... ... ... ... .  , ............ , ..... 86 
10 Significance of the Factors and the Interactions Between the 
Ingredients Coefficient and Sensory Variables ... ... .  ,. ....... ... ... ... ... 89 
1 1  Hedonic Profiles of Each Sensory Attribute for Candied Musk Lime 
Peel (CMLP) ... ...... .. , ... .. , ...... ... ... ... ... ... ...... .... , . ....... ... . ,. ... 94 
1 2  QDA Profiles of Candied Musk Lime (CMLP) and Commercial 
Candied Peel (CCP) ... ... '" ....................... '" '" '" ...... ... ... . , .  .... 96 
xv 
13 Hedonic Results for Acceptance Profiles of Candied Musk Lime 
Peel (CMLP) and Commercial Candied Peel (CCP) . . . . . . . . . . . . . . . . . . . . . . . 100 
1 4  Analytical Data for Candied Musk Lime Peel (CMLP) and 
Commercial Candied Peel (CCP) . . . . . . . . . . . . . .  , ...... '" ...... ...... .... , . ... 104 
1 5  Enzyme Activities of Peelzym I,II,III and IV as Reported in the 
Product Sheet. . . . . . . . . . , . ... '" . .. . .. ... ... ... ... ... ... ... ... ... .. . .. . ... ... ..... 131 
1 6  Preparation of  Enzyme (peelzym II) Concentration, (v/w, %) where 
Volume of Enzyme Used Based on 900 g of Fruits . . . . . . . . . . . . . . . . . . . . . . . .  1 31 
1 7  Determination of the Best Technique in Enzyme Infusion Method 
Between Method I (Immersion in Enzyme Solution) and Method 2 
. (Suck in Enzyme Solution) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  132 
XVI 
LIST OF FIGURES 
Figure Page 
1 Cross Section of a Citrus Fruit. .. '" ... ......... ... . ,. ... ... ... ... ... ... ... . 6 
2 Structure of Naringin (Naringenin 7p-neohesperidoside) ....... ,. ... ... 17 
3 Preparation of Peeled Musk Lime Samples... ... ... ... ... ... ... ... ... .... 40 
4 Extraction and Preparation of Naringin Sample... ... ..... ... ... ... ... ... 49 
5 Peeling Efficiency of Different Enzyme Concentrations ... ... .. , ... ... 5 2  
6 Peeling Efficiency of Different Vacuum Pressures.................. ..... 55 
7 Production of Candied Musk Lime Peel ... ...... .. , ... ... ... . .. . . . ... ... .. . 77 
8 Effect of Ingredient Levels on Correx Reading ... ......... ...... .  " ... .... 91 
9 The Overlaid Contour Maps of Five Dependent Sensory Attributes 
of Candied Musk Lime Peel.. . ......... ... .. , ... ... ... ... ... ... .. . .. . ... . .... 93 
10 Cobweb Plot of Sensory Profiles of Candied Musk Lime Peel and 
Commercial Candied Peel for Appearance (Colour, Moist-Dry), 
Odour (Sweet, Sour), Taste (Sweetness, Sourness, Bitterness) and 
Texture (Hardness, Tear Ability) Attributes ... ......... ......... ... .. , .... 9 7 
11 Acceptance Profiles on Five Sensory Attributes for Candied 
Musk Lime Peel ... . . . ... ...... .. . .. . ... ... . .. . , . .............. , ... ...... ... '" 99 
12  Acceptance Profiles on Taste of Candied Musk Lime Peel.... ... ...... 101 
13 Acceptance Profiles on Sensory Attributes of Candied Musk Lime 
Peel (a) and Commercial Candied Peel (b)...... ...... ... ............ ... ... 103 
14 Schematic Diagram of Flavedo-Scouring of Musk Lime at Five 





















LIST OF PLATES 
Page 
Diagrams for Method 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '" ... . 36 
Diagrams for Method 2 . . . . . . . . . . . . . . . . . . . . . . , . ... ........ , ... ... ... ... ... .... 3 6  
A Tree of Musk Lime (Citrus mitis B.) Fruit... ' "  .... , . ..... , ...... ... ... 120 
A Thornless Branch of Musk Lime (Citrus mitis B.) Tree . . . . . . . .  , ... '" 120 
A Matured Musk Lime (Citrus mitis B.) Fruits . . . . . . . . . . . . . ,. ...... ... ... 1 21 
A Batch of Musk Lime Fruits (100 g Equivalent to 8-10 Fruits)... ..... 121 
A Batch of Scoured Musk Lime Fruits Using an Abrasive Paper... .... 122 
Enzymatic-Peeling Process in Shaking Incubator... . . .  ... ... ... ... ... .... 122 
A Peeled Musk Lime Fruit (After Enzyme and Vacuum Pressure 
Treatment) . . . . . . . . . . , . ... ... ... ... '" '" ... '" ., . ... ... ... ... ...... ... '" ... .... 123 
A Peeled Musk Lime Fruit (Hand Peeling) .. . . . . . . . . . .  '" .... , . ... .. , ... '" 123 
Discarded Peel of Musk Lime Peel- A By-Product of Enzyrnatic 
Peeling . . . . . . . . . . .. '" '" ... '" ...... ... .. , ... .. , '" ... ...... ... ......... .. , ... ... 124 
Musk Lime Soaked in Brine Solution During Pickling Process . . . . . . '" 124 
Musk Lime Soaked in Syrup Solution During Candying Process... .... 125 
Musk Lime Peels Arranged in Wooden Tray After Candying Process .. 125 
Cabinet Dryer for Drying the Musk Lime Peels . . . . . . . , . ...... ...... . , . .... 126 
Musk Lime Peels After Drying Process . . . . . . . . . . , . ........... , ... '" ... .... 126 
Musk Lime Peels After Coated With Sugar.. . .. , '" ........... , ... . , . ... ... 127 
Commercial Candied Peel as a Reference Sample in Sensory 
Evaluation 




Citrus which originated from Southeast Asia, is one of the most important fruit 
crops in Asia (Ko, 1996). However, yields per unit area in Asia are low compared to 
most Western countries. Citrus has been chosen as one of the 16 fruit types for 
commercial production under the Malaysian National Agricultural Policy (Ko, 1996). 
Presently, there are about 1600 species of citrus in the world amongst which only a few 
of the better-known species are widely cultivated in Malaysia. The main citrus cultivated 
are oranges, pomelos and limes (Faridah and Azizah, 1982). In Malaysia, domestic 
production area of citrus fruit varies considerably between each fruit type. Lime is the 
second most important citrus after pomelo, followed by sweet orange and mandarin 
(limau langkat). 
To date, reports on the quality of commercial musk lime juice are not available. 
This may be due to the once less popular status of commercially musk lime juice 
compared to orange juice. At present, there are many problems confronting the 
production of musk lime juice. In the industry, juice extraction using screw press is 
considerably impractical for the extraction of musk lime juice (Swisher and Swisher, 
1977). In the process, the whole fruit is crushed (by pressure) in a screw press, then pass 
through a centrifugal machine to separate the juice from the mixture of peel and pulp 
(Kale and Adsule, 1995). This excessive extraction pressure could split the seeds and 
break the peel, which generally contain the bitter principle (naringin) and could also 
2 
release excessive peel oil into the juice (Jainudin and Mazuin, 1988). Hence, the 
existence of this bitter taste in the juice is the result of the processing technique. The 
pronounced bitter taste was relatively less preferable to most of the consumers. The 
physiological limitation of musk lime fruit such as its small size and very thin peel 
compared to other citrus fruits, makes the mechanical juice extraction unsuitable for the 
extraction of musk lime juice. An understanding of these problems is, therefore, of the 
utmost importance in the promotion of the industrial value of the musk lime juice. 
Conventional methods for fruit peeling such as hand peeling, mechanical, 
chemical, acid, heat and flame usually produce 30-40% of edible waste (Baker and 
Grohmann, 199 5). This waste, containing live cells, are sensitive to the environment and 
continue to change after processing due to chances of contamination with 
microorganisms (Setty et aI., 1993). However, this wastage can be reduced by recycling 
(enzyme solution) processes if a proper processing technique is carried out. Therefore, in 
order to reduce the undesirable effects and the peeling losses due to the conventional 
peeling methods, enzymatic peeling was developed. 
Enzymatic peeling has been defined as the application of exogenous enzymes 
specifically to alter the characteristics of intact tissues (McArdle and Culver, 1994). In 
the enzymatic peeling process, enzyme is made to infuse into intact plant tissues such as 
flavedo and albedo and effectively alter the functional properties of these tissues such as 
softening the fruit peel and making it feasible to remove (Bruemmer, 1981). The first 
macerating enzymes were tried on fruit mashes in the 60s mainly on blackcurrant due to 
the difficulties in extracting its juice (lanser, 1997). Today the maceration of fruit with 
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enzyme preparations is widespread and the advantages have been demonstrated for 
several fruits, conditions and extraction systems (lanser, 1997). The application of this 
technology was first developed for the production of fresh peeled fruit, fruit salads and 
segments. In 1981 a USDA patent was granted for the so-called vacuum infusion 
process with enzymes. Since then, a lot of development has been done (Janser, 1 996). 
In enzyme peeling process, a dilute solution of enzyme will be infused into intact 
citrus fruit tissues where the enzyme will penetrate between the citrus fruit segments 
loosening adhesion of the capillary membrane and allow the fruits peel to be easily 
removed (Janser, 1 996). The enzymatic technology results in segments with improved 
freshness, better texture and appearance compared to traditional segments, which are 
peeled using a caustic soda process (Janser, 1997). Enzyme peeling of citrus benefits the 
processors by yielding 100% of the edible portion of fruit as salable product compared 
to the conventional peeling methods (Baker and Grohmann, 1995). 
There are many methods that have been reported on ways to infuse enzyme into 
the fruit. One of the methods is the vacuum infusion where fruits are subjected to 
vacuum for a fixed time in an enzyme preparation for the infusion of the solution into 
the albedo layer and incubated in the enzyme preparation after breaking the vacuum 
until easy removal of the peel was obtained (Soffer and Mannheim, 1 994). The 
advantages of fruit peeling by vacuum-oriented enzyme infusion are obvious. The 
quality of the obtained peeled fruit was better such as it had a more attractive appearance 
such as clean flesh, without white adhering albedo and more intensive colour and taste 
(lanser, 1996). This process also effectively alters the functional properties of the tissues 
4 
such as softening the fruit peel, firming the fruit flesh and enhancement of desired 
flavours (Elliott and Julia, 1993). 
Fruit processing industries usually have to cope with 40-60% of the incoming 
harvested fruit exiting the juicers as waste (Baker and Grohmann, 1 995). In the 
enzymatic peeling process, the loosened peel is considered as a waste. In attempting to 
produce by-products from the waste, the loosened peel has a high potential as a starting 
material for a development of value-added products. The loosen peel can be converted 
into more useful by-products through various processing technologies. The loosen peel 
can be candied, brined or pickled. The other citrus by-products that can be produced are 
bioflavonoids, flavourings and a gelling agent (Jainuddin and Mazuin, 1988). 
Enzyme application for peeling fruits is new in Malaysia. Enzymatic peeling was 
introduced in Malaysia in late 1 990's due to processing and market demand on local 
citrus juice and minimally processed citrus fruits. Since then, many research have been 
conducted to solve the processing problems, thus fulfill the market demand (Liu et aI., 
1999; Aziz et aI. , 1 999). 
Therefore, the objectives of this study were: 
1 .  To determine the optimum conditions of enzymatic peeling of musk limes. 
2. To determine the physico-chemical characteristics of enzymatic peeled musk 
limes. 




Citrus fruits are classified under the family Rutaceae and genus citrus, but 
botanically they are classified as berries. They are superior fruits with all of their tissues 
derived from the ovary, in contrast to apples in which some of the tissues are derived 
from the enlargement of the calyx and receptacle (Albrigo and Carter, 1977). The citrus 
fruit consists of an outer peel which serves largely as a cover to the inner portion. The 
outer portion of the peel is called the flavedo and the inner white spongy layer of 
parenchymatous cells is called the albedo. The flavedo contains numerous oil vesicles 
and chromatophores. The thickness of the albedo varies from species to species. The 
thickness of the albedo for the musk lime and mandarin orange is relatively thin 
measuring about 1.5 to 2.0 mm, while in the mexican lime is 2.5 to 3.5 mm (Jainudin 
and Mazuin, 1988). The edible portion of the fruit, the pulp is found in segments situated 
below the albedo layer. The structure (cross section) of citrus fruit is shown as in Figure 
1. 
